The Great East Japan Earthquake occurred on March 11, 2011, and was followed by a nuclear accident at the Fukushima Daiichi Nuclear Power Plant. The government ordered a mandatory evacuation from the high radioactive concentration area in Fukushima. This evacuation may have forced many evacuees to change specific aspects of their lifestyles such as diet and physical activity, which in turn may lead to future incidence of lifestyle diseases such as cardiovascular diseases (CVDs). To address this concern, the association between the evacuation and changes in CVD risk factors before and after the disaster was examined in the Fukushima Health Management Survey. In the present study, we reviewed the results of longitudinal studies in the Fukushima Health Management Survey. The proportion of overweight/obese people and those with hypertension, diabetes mellitus, dyslipidemia, liver dysfunction, atrial fibrillation, and polycythemia increased after the disaster. Furthermore, the evacuation was associated with an increase of these cardiovascular risk factors. Therefore, evacuees may be more disposed to CVDs such as myocardial infarction and stroke after the disaster. The prevention of future CVDs among evacuees from Fukushima requires ongoing preventive programs for obesity, hypertension, diabetes mellitus, and dyslipidemia, in collaboration with local governments and communities.
Introduction
After large disasters such as earthquakes, tsunamis, and hurricanes occur, cardiovascular diseases (CVDs), including ischemic heart disease and stroke, tend to occur more frequently. [1] [2] [3] [4] [5] [6] Previous observational studies have shown that the weekly occurrence of CVD, including outof-hospital cardiac arrest, heart failure, acute coronary syndrome, and stroke, increased significantly after the Great East Japan Earthquake, compared with the same period in the previous years. [3] [4] [5] Although the acute effects of a disaster on the incidence of CVD have been established previously, [1] [2] [3] [4] [5] [6] evidence for the long-term effects of a disaster is limited.
The Great East Japan Earthquake struck Japan on March 11, 2011 . The earthquake and subsequent tsunami hit the Fukushima Daiichi Nuclear Power Plant, causing it to release radioactive elements into the surrounding area. One of the main adverse health consequences of radiation among exposed young people was a substantial rise in thyroid cancer rates. 7 Additionally, the disaster forced many evacuees from the government-designated evacuation zone in the Fukushima prefecture to change several aspects of their lifestyles, such as diet, physical exercise, and smoking and alcohol habits. In Fukushima, the Great East Japan Earthquake was a complex disaster that consisted of 3 incidents: a major earthquake, a tsunami, and a nuclear accident. While the fear of earthquake and tsunami may gradually decrease over several years, the fear regarding exposure to radiation at the time of the nuclear accident will last longer, resulting in chronic psychological and physiological stress. As such lifestyle changes and psycho-physiological stress are associated with cardiovascular risk factors like hypertension, diabetes, and dyslipidemia, 8, 9 evacuees may have a higher risk of CVDs. However, few longitudinal studies have reported the effects of evacuation after a disaster on the risk of CVD in a population.
To address this concern, as a part of the Comprehensive Health Check in the Fukushima Health Management Survey (FHMS), the association between evacuation and changes in CVD risk factors before and after the disaster was examined in the residents of the evacuation area in the Fukushima prefecture. In the present article, we review the results of longitudinal studies related to the Comprehensive Health Check in the FHMS and discuss future risks of CVD in the residents in the Fukushima.
Overview

Study Population
Participants were 278 276 Japanese men and women living in communities near the Fukushima Daiichi Nuclear Power Plant in the Fukushima prefecture. This included Tamura City (the Census population: 42 085 in 2010), Minamisoma City (71 661), Kawamata-machi (16 065), Hironomachi (5495), Naraha-machi (7927), Tomioka-machi (15 854), Kawauchi-mura (3074), Okumamachi (11 553), Futaba-machi (7171), Namie-machi (21 551), Katsurao-mura (1582), Iitate-mura (6584), and Date City (67 684). Following the disaster, the government directions forced all residents of Hirono-machi, Naraha-machi, Tomioka-machi, Kawauchi-mura, Okuma-machi, Futabamachi, Namie-machi, Katsurao-mura, and Iitate-mura, and some residents of Tamura City, Minami-Soma City, Kawamata-machi, and Date City to evacuate from their homes (Figure 1 , Evacuation zone). Other areas of Tamura City, Minami-Soma City, Kawamata-machi, and Date City were defined as non-evacuation zone (Figure 1 , Non-evacuation zone). 10, 11 Annual health checkups focusing on metabolic syndrome for people insured by the National Health Insurance aged 40 to 74 years, and for the elderly aged ≥75 years (the target population for checkups consisted of 91 554 men and women in 2010), have been conducted in these communities since 2008. This study limited all analyses to men and women aged 40 to 90 years (the Census population aged 40-90 years of these communities was 164 714 in 2010). Between 2008 and 2010, 41 633 subjects (18 745 men and 22 888 women; mean age, 67 years) in these communities participated in health checkups. The participation rates for checkups for the initial Census population and the target population were 25.3% and 45.5%, respectively.
Endpoint Determination
Follow-up examinations were conducted from June 2011 through March 2013. A previous report detailed the methods of the Comprehensive Health Check and the FHMS, and the follow-up survey was conducted countrywide because the subjects were evacuated to various parts of the country. As a result, 27 486 participants (12 432 men and 15 054 women; follow-up proportion, 66%) received follow-up examinations after the disaster, with an average follow-up period of 1.6 years. The participants were divided into 2 groups for analyses: evacuees (n = 9671) and nonevacuees (n = 17 815).
Measures and Definitions
An interviewer obtained histories for cigarette smoking as well as weekly alcohol intake in units of "go," a traditional Japanese unit of volume corresponding to 22 grams of ethanol, which was subsequently converted to grams of ethanol per day. One go equates to 180 mL of sake, 1 bottle (500 mL) of beer, 2 single shots (60 mL) of whiskey, or 2 glasses (240 mL) of wine. Participants that consumed ≥2 go (≥44 g ethanol) per day were classified as being current excessive drinkers.
Various patient characteristics, including height, weight, waist circumference, body mass index (BMI), blood pressure (BP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), γ-glutamyl transpeptidase (γ-GT), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), HbA1c, fasting plasma glucose, urine protein, and urine sugar levels were examined. Additional measurements included serum creatinine levels, hematocrit levels, hemoglobin levels, estimated glomerular filtration rate, uric acid levels, urine testing for occult blood, and peripheral blood counts, which evaluated the number of red blood cells, platelets, and white blood cells. Overweight and obese individuals were defined as having a BMI 25-29.9 kg/m 2 and ≥30 kg/m 2 , respectively. Hypertension was defined as a systolic BP ≥140 mm Hg, a diastolic BP ≥90 mm Hg, or the use of antihypertensive medication. Diabetes was defined as a fasting plasma glucose level ≥126 mg/dL (7.0 mmol/L), an HbA1c level ≥6.5%, or the use of antihyperglycemic medication. A hypo-HDL cholesterolemia was defined as HDL-C <40 mg/dL. Metabolic syndrome (MetS) was based on the definition of the Japanese committee for establishing diagnostic criteria for MetS, as follows: visceral obesity (waist circumference ≥85 cm in men and ≥90 cm in women) and the presence of at least 2 of the following 3 abnormalities: plasma TG ≥150 mg/dL and/or HDL-C <40 mg/dL or being treated 
Statistical Analysis
A paired t test was used to compare mean values of CVD risk factors before and after the disaster, and the McNemar test was used to compare the proportion of people with CVD risk factors before and after the disaster. The differences in changes in continuous variables or the proportion of people with CVD risk factors before and after the disaster between the evacuees and nonevacuees were calculated using ANCOVA or logistic regression models, with adjustments for age (years) and sex. Among the participants without CVD risk factors before the disaster, incidence ratios of CVD risk factors, such as hypertension, diabetes mellitus, and dyslipidemia, during the follow-up period were calculated, and relative risks and 95% confidence intervals (CIs) for evacuation were calculated with adjustment for age and other potential confounding factors. All probability values for statistical tests were 2-tailed, with P values <.05 regarded as statistically significant.
Main Findings
Changes in Body Weight and Obesity 11
Mean body weight and BMI significantly increased among both evacuee and non-evacuee groups after the disaster, although changes in body weight and BMI were greater in evacuees than nonevacuees, and greater in men than women. 9 The changes for evacuees and non-evacuees were +1.2 kg and +0.3 kg for body weight (P < .001) and +0.6 kg/m 2 and +0.2 kg/m 2 for BMI (P < .001), respectively. 9 The changes for men and women were +1.8 kg and +0.8 kg for body weight (P < .001) and +0.7 kg/m 2 and +0.5 kg/m 2 for BMI (P < .001), respectively. 9 As shown in Figure 2 , the proportion of overweight/obese people significantly increased after the disaster among both evacuees and non-evacuees, although the changes in proportion were greater among evacuees than non-evacuees (P < .001). In the evacuee group, the proportion of people who were overweight/obesity before and after the disaster went from 32.8% to 42.6% and from 30.5% to 35.9%, for men and women, respectively. By contrast, the proportions in the non-evacuee group before and after the disaster went from 29.0% to 31.9% and from 27.4% to 29.2%, for men and women, respectively.
Furthermore, in prospective analyses, evacuation was associated with an increased risk of becoming overweight/obesity, and the multivariable-adjusted hazard ratio (HR) of evacuation with regard to becoming overweight/obesity was 1.82 (95% CI = 1.61-2.07, P < .001) for men, and 1.52 for women (95% CI = 1.34-1.74, P < .001; Figure 3 ). 9 Changes in Cardiovascular Risk Factors [12] [13] [14] [15] For non-hypertensive men and women before the disaster, mean systolic and diastolic BP levels significantly increased among both evacuee and non-evacuee groups after the disaster. Yet changes in systolic and diastolic BP were greater in evacuees than non-evacuees, and greater in men than in women. 12 For men, the changes in systolic and diastolic BP were +5.8 and +3.4 mm Hg versus +4.6 and +2.1 mm Hg (P < .01/P < .0001) among evacuees and non-evacuees, respectively. For women, these changes were +4.4 and +2.8 mm Hg versus +4.1 and +1.7 mm Hg (P = .33/P < .0001) among evacuees and non-evacuees, respectively. Age-adjusted changes in BP before and after the disaster were significantly associated with changes in BMI for both men and women. Furthermore, evacuation was associated with an increased risk of hypertension among men. The multivariable-adjusted HRs of evacuation for the incidence of hypertension were 1.24 (95% CI = 1.10-1.39, P < .001) for men and 1.06 (95% CI = 0.94-1.18, P = .35) for women, respectively (Figure 3 ). 12 After the disaster, the prevalence of diabetes mellitus increased significantly, from 9.3% to 11.0% (P < .0001), and changes in HbA1c levels were greater in evacuees than non-evacuees, especially in the normal glucose group. 13 Evacuation was significantly associated with the incidence of diabetes after adjusting for age, sex, BMI, smoking status, systolic BP, HDL-C, ALT, and γ-GT levels. The multivariable-adjusted HR for evacuation, compared with non-evacuation was 1.40 (95% CI = 1.20-1.63, P < .001). 13 The prevalence of hypo-HDL cholesterolemia increased significantly from 6.0% to 7.2% following the disaster. Moreover, the HDL-C levels significantly decreased from 56.2 mg/dL to 55.1 mg/dL (P < .0001) for men, and from 62.1 mg/dL to 61.5 mg/dL (P < .0001) for women. 14 Among men, the HDL-C levels significantly decreased in both the evacuation and non-evacuation groups after the disaster. Among women, the HDL-C levels significantly decreased in the evacuation group only. Evacuation was associated with increased risk of hypo-HDL cholesterolemia in both men and women. The multivariable-adjusted odds ratios for evacuation were 1.41 (95% CI = 1.20-1.67, P < .001) for men and 1.35 (95% CI = 1.08-1.69, P < .01) for women. 14 Among 8547 men and women aged 40 to 74 years without MetS components, the crude incidence rate of MetS was significantly higher in the evacuee group (men, 19.2%; women, 6.6%) than in the non-evacuee group (men, 11.0%; women, 4.6%). 15 Significant associations between evacuation and incidence of MetS were observed in both men and women. The multivariableadjusted odds ratios for evacuation were 1.89 (95% CI = 1.55-2.31) for men and 1.45 (95% CI = 1.10-1.92) for women. Furthermore, these associations were also observed when stratified by age group. The adjusted odds ratios were 1.72 (95% CI = 1.46-2.02) for those <65 years of age and 1.60 (95% CI = 1.26-2.03) for those ≥65 years of age. 15 Changes in Other Health Related Variables [16] [17] [18] The prevalence of atrial fibrillation increased among the participants after the disaster (before 1.9% vs after 2.4%, P < .001). 16 Red blood cells, hemoglobin, and hematocrit levels significantly increased in both men and women after the disaster. In addition, evacuation was significantly associated with increased hemoglobin levels after adjustment for age, gender, smoking status, excess ethanol intake, BMI, and baseline hemoglobin level (β = 0.16, P < .001). 17 Prevalence rates for polycythemia before and after the disaster were 0.79% and 1.16% for the non-evacuees (P = .10) and 0.89% and 1.54% for the evacuees (P < .001), respectively.
The prevalence of liver dysfunction significantly increased in men and women from 16.4% to 19.2% after the disaster (P < .001). 18 The incidence of liver dysfunction was significantly higher among evacuees than non-evacuees, regardless of drinking status. The multivariable-adjusted odds ratios for evacuation were 1.38 (95% CI = 1.20-1.58) for non-drinkers, 1.43 (95% CI = 1.29-1.59) for light drinkers, and 1.24 (95% CI = 1.09-1.42) for moderate/heavy drinkers.
For lifestyle-related variables, drinking status and smoking status were unchanged before and after the disaster. The proportion of subjects with sufficient sleep in the evacuee group decreased after the disaster from 75.8% to 67.5% and from 69.9% to 57.4%, for men and women, respectively. The proportions of subjects with sufficient sleep in the non-evacuee group decreased from 77.5% to 75.0% and from 71.7% to 69.7%, for men and women, respectively. 12
Discussion
The main findings of this longitudinal study were that after the Great East Japan Earthquake was experienced by residents living near the Fukushima Daiichi Nuclear Power Plant in the Fukushima prefecture, there were increases in mean body weight, 11 BP, 12 HbA1c, 13 and hemoglobin, 17 decreases in mean levels of HDL cholesterol, 14 and increases in the proportion of overweight/ obese people, 11 and those with hypertension, 12 diabetes mellitus, 13 dyslipidemia, 14 liver dysfunction, 18 atrial fibrillation, 16 and polycythemia. 17 In addition, there was a significant association between the evacuation and an increased risk of becoming overweight/obesity and other cardiovascular risk factors, after adjusting for confounding variables. [11] [12] [13] [14] [15] [16] [17] Thus, evacuees may be more disposed to CVDs, such as myocardial infarction and stroke.
In Fukushima, the Great East Japan Earthquake was a complex disaster that consisted of 3 incidents: a major earthquake, a tsunami, and the nuclear accident. Despite the fact that fear of earthquakes and tsunamis may gradually decrease over time, the fear of effects from radiation exposure at the time of the nuclear accident may persist for longer. 19 This may result in longlasting psychological stress and increase stress-related diseases, such as metabolic syndrome. 7 Furthermore, the long-term evacuation due to the disaster may have forced changes to people's lifestyles such as diet and physical activity, which may lead to future incidence of lifestylerelated diseases including hypertension, diabetes mellitus, and dyslipidemia.
The mechanisms by which evacuation increases the risk of cardiovascular risk factors are not yet fully understood, but there was an excessive increase in body weight among the evacuees compared with nonevacuees. In the FHMS, body weight was associated with increased risk of atrial fibrillation, 16 hypertension, 12 diabetes mellitus, 13 and dyslipidemia. 14 Furthermore, decreases in physical activity may also be associated with incidence of cardiovascular risk factors. 20 The target population in the study consisted of people insured by the National Health Insurance (mainly farmers, fisherpersons, the self-employed, and retired employees), thus almost all evacuees who worked before the disaster and who lost their jobs after the disaster. A previous study showed that displacement, nonworking status, and detriments to the social network after the Great East Japan Earthquake were significantly associated with low physical activity. 21 Furthermore, results of a mental health and lifestyle survey by the FHMS showed that those who evacuated in response to government directions tended to be less physically active, consume more alcohol, experience greater psychological stress, and have difficulty sleeping after the disaster. 19, [22] [23] [24] [25] Of the 73 433 evacuees, approximately 70% had trouble sleeping, resulting in harmful effects on daytime activities, and 51% did not exercise regularly. Thus, health-related behaviors could be an important factor mediating the influence of evacuation on the increase in cardiovascular risk factors. Further study is needed to confirm the association lifestyle and psychological factors have with future incidence of CVD, including stroke and myocardial infarction, in evacuees following the disaster.
This longitudinal study in the FHMS had some limitations. First, because the target population consisted of people insured by National Health Insurance (mainly intended for farmers, fisherpersons, the self-employed, and retired employees), the study did not include people insured by social insurance (mainly intended for employees) to analyze the associations. Therefore, there is some doubt as to whether the participants in the present study are representative of the community populations, and this may modify the results. Second, because the study did not evaluate socioeconomic factors other than evacuation, other environmental or socioeconomic factors may have influenced the association between evacuation and CVD risk factors. Finally, the mean follow-up time of 1.6 years may not have been sufficient to examine long-term effects of evacuation on health outcomes. Therefore, it is necessary to evaluate these effects by a further longterm follow-up.
On September 5, 2015, the government lifted the evacuation order for Naraha town, one of the areas evacuated after the disaster. However, only 8% of residents returned to the town in the year following the lift of the order, as a result of several problems, such as anxiety for health and radiation exposure following return to the town. As both increased cardiovascular risk factors and increased anxiety are associated with future incidence of CVD, 26 continuous support for the management of health status is required from researchers, working together with local governments and communities.
Conclusions
After the Great East Japan Earthquake, the prevalence of people with cardiovascular risk factors, including hypertension, diabetes mellitus, and dyslipidemia, increased among community residents and more so among evacuees from the evacuation zone of the Fukushima prefecture. Furthermore, evacuation was associated with an increased risk of cardiovascular risk factors in the 2 years following the disaster. As of 2016, almost 90 000 residents from Fukushima remain evacuated. The prevention of future CVD among evacuees in Fukushima requires continuous preventive programs for CVD risk factors, in collaboration with local governments and communities.
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